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Motivation

 LHC collimation system upgrade (2012-2016).

 Phase II goal: intercepting off-momentum protons from 

single-diffractive scattering on cold collimators in the DS 

sections downstream of the collimation areas. 

 11 T 11-m long double-aperture dipoles compatible with 

the LHC lattice and major systems provide the required 

space for cold collimators.  
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Design Constraints and Feasibility

- Same nominal current  -11850 A

- Same cold mass OD - 570 mm

- Same distance between 

apertures -197 mm 

- Nominal field – 11+ T

- 20% operational margin at 1.9 K 

- Bmax=13.2 T

 Independent studies at CERN and Fermilab 

o The nominal field of 11+ T at 11.85 kA with 20% at 1.9 

K is possible with Nb3Sn coil

o the magnetic length varies between 10.7 and 10.5 m, 

thus resulting in dipoles 3.6 to 3.8 m shorter than the 

standard LHC dipole

 Nb3Sn magnet technology: available at Fermilab
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 First 2-in-1 Nb3Sn magnet => 

o Common yoke, separate collared coils

Orbit sagitta => larger aperture 

o 56 mm => 60 mm

 Long length ~11 m => 

o 2 cold masses each 5.5-m long

 Field quality => 

o small filaments (Deff~30 µm) + passive correction to 

reduce persistent current effect

o SS core to minimize eddy current effect 

o collar/yoke interface and holes to reduce iron 

saturation effect

 Larger Lorentz forces

Challenges and Approaches
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Activities and Deliverables

 FY11-12: Development and test of 60-mm 

single-aperture 2-m long 11 T DS dipole 

demonstration model

 FY12: Fabrication and test of two 2-m long 

collared coils for the first 2-in-1 DS dipole 

model 

o 2-in-1 cold mass assembly and test at CERN

 FY13: Fabrication and test of the first 5.5-m 

long dipole coils for DS dipole prototype  

 FY13-14: Fabrication of 5.5-m long collared 

coil for the first 2-in-1 prototype 

o Long prototype assembly and test at CERN

Collaboration with CERN, technology transfer.
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Outcome

 In case of a successful demonstration and 

selection of these magnets for the LHC phase 

II collimation system upgrade, planned in 

2016, a joint FNAL-CERN project to fabricate 

five (or more) 11 T 11-m long dipoles will be 

proposed for FY14-16

o the first use of Nb3Sn magnet technology in real 

accelerator

 These magnets can be also used in the future 

to provide space in the LHC lattice for 

different insertion devices (dynamic 

collimators, correctors, instrumentation, 

etc.). 
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Program Approval
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CERN Support
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Design and Parameters

 Strand: 0.7 mm RRP-108/127

 Cable: 40-strand 14.7x1.2 mm2

 Coil: 2-layer 7-block (CERN)

 Coil aperture: 60-mm

 Collar: stainless steel 20-mm

 Yoke: OD=400-mm, 2-piece

 Skin: 12-mm stainless steel

 Cold mass length 1.97 m

 Bnom=11.31T @ Inom=11.85kA

 Bmax=13.74T @ Imax=14.39kA

Margin:  Bmax/Bnom=1.215
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 Specs in CERN EDMS

 Evaluate test results

Specifications
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Good progress in October-January

Schedule & Milestones
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Model Specs
CDR

Coil Production Readiness

Coil Collaring Readiness

Test Result Review
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Is success possible?

 Specific features of this program, besides 

technical challenges, are its limited 

development time and resources

 The success is possible 

o high skill of Fermilab’s magnet group 

o previous successful experience with the 

10-12 T Nb3Sn dipoles and quadrupoles 

o available infrastructure and tooling 

o established productive collaboration with 

CERN 
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